0 • * 10/5005AH 

Ao <iQttfttt*fttti:tt4iiTft4)ie^fOT/PTp S 0 JUN 2004 




) (i9) mmmmmmm ™p llllllllllllll^^ 



(43) SBS^IIHB (10) 
2003 ^7 0.31 H (31.07.2003) pct WO 03/062179 Al 

(51) HRSftffrttB 7 : C07C 29/03, 31/20, 31/22, 35/06, (TANAKA,Masato) [JP/JP]; f 305-0074 O 

35/08, 51/367, 59/105, C07B 61/00 < 3-1 0-5 Ibaraki (JP). -Jg 

(SATO.Kazuhiko) [JP/JP]; T 305-8565 &1&Wk O < 

(21) PCT/JP03/00593 Kill B 1-1-1 IfcitfTiS&AjE&ftffl&oP 

fiff O < li-fe — Ibaraki (JP). 5t# 

rt« BKHiin, ,«m &i ann m oi 2<vm (USUL.Yoko) [JP/JP]; T270-1176 TIS «»*m m 

(22) SBUJBB: 2003^1^23 0 (23.01.2003) 3 - 1 7- 1 4 ? 5 7 □ -7 2 0 2 Chiba 

(JP). 

(25) SBttBOWB: 0*t§ 

mah^m n*is ( 74 > «lA:ttffl*t (SAEKLNorio); T 103-0027 KJ§C*p 

(26) BM&H0>TB: B*B H*«=TB 1 S#2«S1^ 9 Pg Tokyo 

(JP). 

(30) ffiftlt^r— 

«BS2002-15146 2002*1 *24 0(24.01.2002) JP (81) gsgH (Hrt>: CN, IN, KR, SO, US. 

(7,) srs:,^^^ <-> «■ k -g?a« - 

CORPORATION) [JP/JP]; T 332-001 2 «5 ft Jl| P iff £Z, DE, oh, cf ™ 

*HIE3T Hi8t Saitama (JP). atifciT&jzs Aj£ NL> SE> SI ' SK> 1R) " 

m?t?fi (NATIONAL INSTITUTE OF AD- 

VANCED INDUSTRIAL SCIENCE AND TECHNOL- Btt&BDBM.: 

= OGY) [JP/JP]; T 100-8921 m^STftBQE BA<H- — B(RH««#« 

= T@3f 1f Tokyo (JP). 

= 2X?3- K&tffl&tDB&IilcoUTI*, £J«Sgff 3**13 

SS (72) #/>Cr#-tf-;/ ha*ai::»tt**i.Tl*« ra-KfcBH 

^(75) &SI3#/aiEiA (^SlC-O^T <*>#■;: EH 4 1 IE A (Dtf-f — h J £#B. 



= (54) Title: NOVEL PROCESS FOR PRODUCING 1,2-DIOL 

^ (54) IBBBCD*^: 1 . JUOBBBfitt 

(57) Abstract: A process for producing a 1,2-diol through the reaction of an olefin with hydrogen peroxide. The process is highly 
=j= efficient and highly selective and catalyst recovery and reuse are easy. It does not use any strong acid or strong base causative 
^5 of apparatus corrosion. The process for producing a 1,2-diol is characterized by reacting an olefin with hydrogen peroxide in the 
~~ presence of a polymer having a sulfo group. 

(57) Stt: 

fx 

£j 2 - $?*-^«©Mi**J!«-r*HiS-*©BilB£-r*. 



WO 03/062179 



PCT/JP03/00593 



m m m 
i, 2 -i?*-)v<D%r.mmmm 

*^lStfcafcJlD*»))FlC<koT 1 , 2 - 5>*- — < # 6> *D 6ft 
[Organic Syntheses, Coll. Vol. 3, 217-219 (1955) ; J. Am. Chem. Soc. , 67, 
1786-1788 (1945)^] . Z. tl Z <D &\Z . S. T « \Z mU 0) > 7K«fl5^ h 

-^*8jSt5*ft#Jll6nT^S (#l¥4- 4 1 4 4 9^l) **, KJS^ 

-;^IItl>^ji^i§SnTlr^ [J. Chem. Soc. , 1949 , 2988-3000 ; J. Am. Oil 
Chem. Soc. , 44. 316-320 (1967) ; Tetrahedron Le 1 1. , 29, 823-826 (1 988) ifi. £ 

§ [EP14637 4-*§-BJ3iffl* ; Synthesis, 1989 , 295-297^] £tie>CD#}£ 

- 1 - 



V 





WO 03/062179 



PCT/JP03/00593 



MCM-4 l4?&ffl^fc*V'7-f >£jfl*fc**#0DEJfc***#2nTV>* [J. 
Cat. ,145, 151-158(1994) ; Chem. Commun. , 1998 , 325-326 ; J. Cat. , 189, 40-51 (200 

@ Wmt£z tX^-> H^dr h >£^4fc4- 1, 2 - 5? * — CD JR * 

3 t m -o o 
bps, — jttsa: [ i ] 



- h PS, ^;^>g[|, iiS^t L-TViT feet ^T;w^rJpat, 1^ 



R 1 R 2 C = 



C R 3 R 4 



[ 1 ] 



- 2 - 



V 




WO 03/062179 




PCT/JP03/00593 



(g£ + * R\ R 2 » R 3 S.lXR 4 «MfBi:|WIDo ) 
MSB-IS^ [1] fc&V^T, R\ R 1 , R 3 , R 4 ^lIS§f bTV^Tt £ V> 

x^;i/g. 7u\Z)vm, ^\^~>;ps, ^-^^^s^^wsn*. R 1 , r 2 , 

R 8 > R 4 ^g^l^||bTViT%J;^>'^a7;^JHOi^0>'^Q'7;^^ 
Sttttt, 3-20, |fJL<B3~10 ©*1R, '^SIXKMS 

^n^>^;i/S, 5^ a^\^sy;i/*, a ^-^ <?)V&m-&m\i 6ns. R\ R 
2 , R 3 \ R 4 ^iiS$f lT^Tt>i^7U-;i/S0i^cO7'J-;HtlTtt, 
0S*.fc£&*Sm6~ 2 0, fftl<(i6~l 4 <0¥St/^!SXte8'&SSS;©3r« 

If 7i^;i/*«^ttf 6tl5. R\ R 2 > R\ R 4 *««tft3£**bT»viT*>«k 
77^JI/iOi^077^;V*tbTtt, fll***, ^^iC«7~2 0, 
L<te7~l SOU, ^StXttl(r&i*^©79;i'*)k*#*ltf £DJt:#: 




R2 



R3 



- 3 - 



V 



WO 03/062179 




PCT/JP03/00593 



jHf^ftfenS. R'» R 2 > R 3 % R 4 *«*lft3i**bTViT , b«tVi*SliS* 
(Dm^^mmWMt Hit 3R + K:il>fc< £%> HBEl-bO&SfcKT. UiJIIC^X 
ttiflfSftS 3-1 £?£b<«3~l OliT^oT, */>7 U7 

fe«kVifa?pxtt^«afno*s, #iRxttt6'&iii5s:©'b©3fi«#w , 6n, 
Kite, ^-^->7-;i/*, tru^;us, ^ x - ;u s , 

R\ R\ R 3 , R^ifiS^f UT^T^ «fc ^7 )Vn*ri/m<Dm&<D7 )Vn 

*'>sttTB, ^iii~2o, »s l < tt 1 ~ 1 0 (Dw.mytx\$ftmwi<D7 
P5j?^r'>s, t-:/ h3r5/**j&«s*vf 6ns. r 1 . r 2 , r 3 , R 4 #e$iS£;£"b 

TUT fe «fc ^7Jl'n + v'*Jl'*-JH©i^©7;i'3 )V&~)V&£. lilt 

*;n^ = ^*«#«f tfens. r 1 , r 2 , r 3 , R 4 ^ill^f it^x^in 

7->JHfi)^©7'>;HilTft 2 ~ 3 1 , ^*L<«2~2 1(Dit 

l , R\ R\ R 4 ^IIS^tlT^Tt)i^75 FS0i^0li75 Hli 
Lift, 2-3 1, 0f*b<fcJ:2~2 1 CDjfi^^X«^lK«©emT 5 H 

nE^T^FS, Th7T->^75 h'lf*^lf5n5. R\ R 2 , R 3 , R 4 ^ 

**i3£*^r ut v^t "b «fc v^s/ u ;Hoi^oti'> u jUtLtit ^#^1 1 b 

T, 09 A « h U * ?;i^>'J ;i/S> h'Jifil'y'JiH, h'J7i-;i/y'J^§ 
**^We.tl*. R 1 , R 2 , R 3 , R 4 ^«m«** bTV>T"fe«k Vi*7>* 'J ;P*<D 

s?* h^v'^x* u )immwm\?f*>nz>o r\ r 2 * r 3 , r 4 ^k&x& 

- 4 - 




PCT/JP03/00593 



r 2 , r\ r 4 ^iig^f LTViT'b £ v^x^*: — ;i/*<D^-a-<DM^x;pjjN— ;p 

tfetl^o R 1 , R 2 . R 3 > R 4 ^IiI^*UT^TfeJ;^7;^t- MOl 

h^^^^vf ens. 

*, MX-tt* h*5s&s IF*->S, 7iM->l, t7f;i't + >'8*©7;i' 
MX.}** b iris*) )Vi£-)VM>, i-zfu-$*is%)\s7$-)VM. t-7h 

*rzs*i )H$ — )v&* 7iy^->*j^-Mfffl7i^^->iu^ijn 1 

*>M*> '>77I, -hn*, «Atfh'J^^'>U;H, b'J7x-;VvU 
;U*^CDi>'J ;P*, kFD3r~>*, M^.«SII75h'I, ^;P7 5FI, ^ 
DW75H», ft7fv'^75 h'Sf ©75 Fl» M^«7-fe^;t-*, ^> 
V'f ^®7i/JH, #i] x. te£ t: h'D^v't;7^ l J JH, v> ;* h ^ ^ # X 3j> 'J 
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mnm 1 

Naf ion-NR50 ( D u P o n t ftgg) ( 5 0 0 m g , tl/7>f > 
%>X)V*>m&<O^M\Z 0.04t«a) , 30 96jB&-fb*#*»ifc ( 2 . 2 3 g , 
1 9 . 6 mm o 1 ) S.^->^n^\^-fe> (810mg, 9.81mmol) 
L, , 70tt20 B#WJfc#bfc. KJ6**7»» R«#«*6N a f i o n - N R 

5 o ^jtiibTix o mm*\zmm\zft&Tz>mMik7km%ftm-?z>rc®=. 

BHfcV>#> (10mg, 0.11 5mmo 1) £ £ Jit ® b fc^> 

# p/\^iJ->^^- — ;i/*te6»*i: IT1. 1 2g (9.6 3mmo 1 ) #6nfc 
<JR* : 9 7.7%) . f!5n&6M*S7t h 8 2 . 

j*tfc« i 

3 0 %3MMt ( 2 . 2 3 g, 19.6 mm o 1) 2&t^^^n-^*-fe> 

(8 1 Omg, 9.8 lmmo 1 ) £*i-&L, 70tt2 0 «rHBJ«#b fc. nMW 

i tra«o#f^&ff o h^>x - i, 2 -v^n^\^r-y->> j ^--;u^a 

fit&7fc£ IT 1 1 . 4 m g (0.098 mm ol) » 6tlfc (JR* : 1.0%) . 

HJStfiJ 1 ©KJfcJRrt* &*3abT#»b;fc:N a f i on-NR5 0 *4>*©7k*l? 
i$fc}£b, ->^7 n's^p-fe > (9.81 mm o 1 ) £30 % (19. 
6mmo 1) ©5J6fcSS^fflt&. 7 0 *C X' 2 0 $ itifc £ d * » 

- 1 , 2-*s9 n^\^+h>^^"-;i/^ 9 5.9 X©JR*KT?»&;flfc. IH#co^ 
#T*N afion-NR50 Srlf&ffl bTM/S£fx o fc £ £ 3 > 1 0 IeI <Z> S /ft 
Vi-ftlfc^liK^ 9 4%Pi±?h7>X-l,2-->^DA + D->^t-;i'^#5 
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NafionO^ffllaligtdsI) 2 3 


4 


5 


6 


7 


8 


9 


10 


^HJlX$(%) 95.9 96.2 


96.7 


96.0 


94.3 


94.0 


95.5 


95.0 


96.1 



Nafion-NR50 ©*£^>fk; £ -fr, £££09 1 tmMlZ*/ ? U > 
(9.81 mm o 1 ) t30 % (19.6 mm o 1 ) £©KJfc£ 

7otT2 oi^Mffofc. ^n^nosjSAfrtflsnfc h ^ - 1, 2 
^2 





, Nafion&fflgCmg) 


mm4x^(%) 


3 


115 


11.6 


4 


294 


64.9 



ftltfl 5 ~ 7 

->^7D^\^r-fe> (9.8 1 mmo 1 ) £ 3 0 % jflKfls****** (19.6 mm 
o 1 ) t ©£j&£, HMM ltlRliik:, Nafion-NR50 ( 5 0 0 m g) 
©#«T 7 OtTffofc. ^ri§ffc$tfcillf^feh7>X-l, 2 

* 3 





SJSH#F^(h) 




5 


2 


5.6 


6 


5 


1.2.6 


7 


10 


41.4 
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m* <D%ft=f-7,)V-fc>W.*m s st> D^-fe > (9.8 1 mm o 1 ) t 3 0 % 
fflft-ftiTlc**** (19- 6mmo 1 ) t<DKJfc&7 0tT2 0 P# IW fx fc . #6 
fLfc h7>7-l,2-'>i' D'X^rir — ;KOJR*SSt 4 ICS'S". 



*4 









ltt$(%) 


8 


Nafion-SACl3 


509 


94.9 


9 


Amberlyst 15 


507 


82.8 


10 


Daiaion PK228 


499 


22.3 



MM&l 11-16 

Nafion-NR50 (500mg) *JBV>» <DfeM (tl/7^f >\ZM 

h 1 #:^^») ©#ffiT, D^^-fe > (9.8 1 mm o 1 ) t30 &5&BMfc* 

(1 9.6 mmo 1 ) t <D£Jfc£ 7 0 "C.T 5 WIBfr ofc. #6n& h 7 > 
7. - 1 , 2 - a^\^U->> ? 4- — )V<D^m^:^. 5 t^to 





i 




ii 


l,4-^^r-b"> 


30.9 


12 




27.3 


13 




21.6 


14 




15.9 


15 


THF 


14.8 


16 




6.3 



mmm 1 7 

Nafion-NR50 ( 5 0 0 m g ) ^ 30 % i&^bTfc^Tlcig^ ( 2 . 0 mL , 
2 0.3 mmo 1 ) , 2 , 3 2 - ^ > ( 1 . 1 7mL, 9.87 

mmol) ^jfe-S-L/* 7 0 tt? 2 0 HfFsl^^Lfc. 1 H - N M R \Z «k 5 *fr-3 



WO 03/062179 

2,3 

mmm 1 8 

Nafion-NR50 (4 9 5mg) , 30 3SiattfczK**»St ( 2 . 0 m L , 
20.3mmol) , RZS 2 - 2 - ^s>^> ( 1 . 0 8 m L , 8.8 5 mm 

ol) 7 0tt2 OSIM^lfc. 'H-NMRCiS^i^ffo&t 

£3, 2-^^^-2,3 -^>^ 8 3 . 0 fc. 

1 9 

Nafion-NR50 ( 4 9 9 m g) > 30 XiB»flS***»* ( 2 . 0 mL , 
20.3mmo 1) » 'BlXS h ^ > 7, - 2 -■ r \^f-y ( 1 . 2 4 mL , 8.84mmo 
1) £fi-&L» 7 0t)CT*2 0ifflft#L/fc. 'H-NMRCJ;5£i^lTofct 
£ 5 , 2,3 - > s J-^ — )V(D^m± 6 6.0XT?*5&. 

UMlM 2 0 

Nafion-NR50 ( 5 0 0mg) , 30 % ® SHb 7jc fit 7* ( 2 . 0 mL , 
20.3mmol) , ~BlT$ 1/ 2 U ^ y =r y (0.8 8mL, lO.Ommol) 
-&L, 4 0t:T2 O^Wft^Ufc. 'H-NMRi:J;5SI^ff ^ Tc t :5, 
>X-l,2-->^ p^>^ >^3- — ;KDJR*tt 8 0. 3 fc. 

1 

Nafion-NR50 (502mg)> 30 % M W. it 7k % tR & ft (2 . OmL, 
2 0.3 mmo 1 ) , 1 - ^ 5^^^^ D^\^-fe> (l.HmL, 9.85 mm 

o i ) ^i^u, 7otT2o mmmwvit. Km$&T'&. mmm 1 hmm^m 

(8.43 mmo 1) W&ttfc (JR* : 8 5.6%) . 

2 2 

Nafion-NR50 ( 5 0 1 m g ) , 30 % M W. \t 7jc m tK & ^ ( 2 . OmL, 
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20.3mmol) , Rtf 



> (0.92mL, 9.86m 



mol) &m&ls* 7 0tT2 0Rfr-gH#Ufc. 'H-NMRIli^^lSfrofc 
tC5, 1 , 2 , 4 , 5 - P^\^rit >5=- h 7 * — )V <D W.m* 9 2 . 3 %~C3l>^ fc. 

£26 09 2 3 

Nafion-NR50 ( 5 0 7 m g) , 30 % M^^tK^ tK}M ( 2 . 0 m L , 
2 0.3 mm o 1 ) , Jk&T U )V X )V u — )V (0.68mL, 9.90 mm o 1 ) £ 

m&v. 7 ox;x* 2 ommuwistc. Kj&m7'&. mmm 1 1 mm^m^^n-D 

tctZZ, ^UtD-;^59 1 2mg (9.9 Ommo 1 ) fc&tlfc (JR* : 1 0 
0 %) . 



Nafion-SAC13 ( 1 . 5 0 g) , 30 % jftBHb#**»ifc (4.0m 
L , 40.6mmol) > RXS^U-f >ffi. (3.20mL, lO.lmmol) 

9 otT2 o mmm&vit. m«H7I> hje^j i tra«i&*f^sfT^fc 

9,10-yhH □^•v / ^*^ ^ % >Wtifi 2 . 5 7 g (8.11 mm o 1 ) 
f 6nfc (JK^ : 8 0.3%) . 



mm 2 4 
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MP & 0 46 B 

1 . — Rxfc [ 1 3 

R 1 R 2 C = CR a R 4 CI] 
(5£*> R\ R\ R'Rtf R 4 «-£ft-£ftffli:£bT\ tK^JI^s # ;i/ # ;U 3£ » 

->x/s> -has, ^j«>ss, ■SfcSS^L/TViT'b J:v^t;w^;p*, pi 
D7;^^s» ^7U-jh, ^T^;u^;i/», rt^3*j/ 

jfrlUi'S, ^^;V7^-M, ft*;^ — Ji'*, m 7> ;i/ * ;J- — hS^st . £fc> 

R\ R 2 , R 3 &tfR 4 CDfaftfr-^^^ft-^ft^ S»7K^M^*^I 0 »^fc»»T? 

fc&<, JEfcteR 1 , R 2 > R 3 Rtf R 4 ©faft^ = ^^£>2K*m^£^DI&V^cB 
S# 2 ffiO^?X«/R^2i©f!gI§^LTS^l:^^L/T, * ft 




<:£<*>, R l , R\ R 3 S.^R 4 «MWBtinCo 2 -5>:fr-;i/«© 
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